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(37) ABSTRACT

In a method for reading the memory cell in a passive
matrix-addressable ferroelectric or electret memory array
with memory cells 1 the form of ferroelectric or electret
capacitors, sensing means connected to the bit line of
memory cell 1s activated 1 order to 1nitiate a charge mea-
surement and a first charge value 1s registered, whereatter a
switching voltage 1s applied to the memory cell and a second
charge value i1s registered. A readout value 1s obtained by
subtracting the first charge value from the second charge
value. A sensing device for performing an embodiment of
the method comprises a first amplifier stage with an inte-
grator circuit and connected with a second amplifier stage
(A2) following the first amplifier stage and with an integra-
tor circuit, and a sampling capacitor connected between an

output of the first amplifier stage and an input of the second
amplifier stage.
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1
READ METHOD AND SENSING DEVICE

FIELD OF THE INVENTION

The present mvention concerns methods for reading a 5
memory cell in a passive matrix-addressable ferroelectric or
clectret memory array with memory cells 1n the form of
clectret or ferroelectric capacitors, wherein the memory cells
are located at the crossings of a first and second set of
respective parallel electrodes, the first set forming word lines 10
and the second set forming bit lines, wherein the word lines
and the bit lines are connected to driving means, wherein the
bit lines have connection to sensing means for measuring,
charge tlowing 1n the bit lines, wherein the sensing means 1n
a read operation senses a charge response signal or charge 15
response corresponding to the data, typically a binary one or
a binary zero, and wherein the method i1s performed 1n
contiguous successive time intervals.

The present invention also concerns a sensing device for
performing an embodiment of the method according to the 20
present invention, wherein the sensing device used for
reading data stored 1n a passive matrix memory comprising,
memory cells 1n the form of electret or ferroelectric capaci-
tors, wherein the memory cells are located at the crossings
of a first and second set of respective parallel electrodes, the 25
first set forming word lines (WL ) and the second set forming
bit lines (BL), wherein the word lines and the bit lines are
connected to driving means, wherein the bit lines have
connection to sensing means for measuring charge flowing
in the bit lines, wherein the sensing device senses a charge 30
response corresponding to the data, typically a binary one or
a binary zero, and wherein the sensing device comprises a
first amplifier stage (A1) with an integrator circuit consisting
of a first amplifier with a first gain and a first bandwidth.

35
DESCRIPTION OF THE RELATED PRIOR ART

During recent years, non-volatile data storage devices
have been demonstrated where each bit of information 1s
stored as a polarization state in a localized volume element 40
of an electrically polarizable maternial. A material of this kind
1s called an electret or {ferroelectric material. Formally
terroelectric materials are a subclass of electret materials
and capable of being spontanecously polarized to either a
positive or negative permanent polarization state. By apply- 45
ing an electric field of appropriate polarity, 1t 1s moreover
possible to induce a switching between the polarization
states. Non-volatility 1s achieved since the matenial can
retain 1ts polarization even in the absence of externally
imposed electrical fields. One of the polarization states 1s 50
considered to be a logic “1” and the other a logic “0”. This
1s utilized in memory cells where the ferroelectric or electret
matenal, 1.e. the memory material, 1s located with connec-
tion to at least two separate clectrodes that can apply
voltages over the memory material. 55

The memory cells are typically arranged in arrays where
a memory cell 1s defined 1n a portion of memory material
located at the crossing of two separate electrodes, one
referred to as bit line and the other as word line. Multiple bit
lines and word lines that cross each other, results 1n a 60
memory array or memory matrix with several memory cells
along each bit line and word line. Memory matrices of this
kind are either of active or passive type. In an active matrix
there are active elements, for example transistors linked to
individual memory cells, while there are no such elements 1n 65
a passive matrix arranged memory device. A passive matrix
leads to simplicity in manufacturing and allows for high

2

integration density but to the cost of different types of
disturbances related to that cells are not electrically 1solated
from each other and share common electrodes. In the
following focus 1s directed towards passive matrix memo-
ries.

In a passive matrix memory device there are typically
voltage drivers connected to both bit line and word lines to
be able to set and control voltages over memory cells.
Sensing means are used in reading for detecting and regis-
tering released charge, typically 1n the form of sense ampli-
fiers connected to the bit lines, 1.e. 1t 1s the bit line current
that 1s sensed when a memory cell are read. Electrode
voltages are defined and presented 1n timing diagrams, also
known as pulse protocols, which presents electric potentials
on electrodes and how these change over time, e.g. during
write and read.

Due to the relatively small signal current released from a
memory cell 1n reading, a major concern 1n the past has been
to decrease influence of masking currents, also known as
sneak currents, and improving the signal strength and qual-
ity 1n order to be able to better determine which logic state
that 1s represented by a readout value.

There are several remedies proposed for sneak currents of
which many can be used in combination. One way of
reducing sneak currents during read 1s by applying a so
called “tull row read” pulse protocol where all cells along a
word line simultanecously receive switching voltages and
hence are read 1n parallel. This makes 1t possible to accom-
plish zero or fractional voltages difierence over cells that are
not read, 1.e. over non-addressed cells. Non-addressed cells
will 1n this case refer to cells 1n other word lines since there
are no non-addressed bit lines during tull row read. A pulse
protocol for full row read 1s disclosed 1n the present appli-
cants International published patent application No. WOO03/
046923.

The sneak problem 1s also addressed by diflerent methods
of arranging and operating a sensing device 1n connection
with timing diagram to provide a reliable readout signal.
One known method 1s “dual read”, which for example 1s
disclosed together with suitable sensing devices in the
present applicants Norwegian patent No. Signal to noise
ratio may be further be improved by using eflicient charge
references and adapted sense amplifiers in a sensing device,
for example as disclosed with regard to using pseudo-
differential sense amplifiers in the present applicants Inter-
national patent application 2004/086406.

To summarize, there are various ways of reducing noise in
readout values from passive matrix memories of the relevant
type, some of them referenced above. Focus 1n prior pro-
posals has primarily been on reducing influence of sneak
currents and for use 1n systems where sneak currents are a
dominating noise factor during read. However, when sneak
currents are eliminated as a main noise contributor, other
sources ol noise will have to be considered and dealt with
accordingly, especially when 1t 1s still of importance to
further improve the signal-to-noise ratio 1n readout values
from passive memory devices.

These other noise sources include significant noise
sources that are not abated by, say the application of voltage
pulse protocols 1 order to reduce the effect of sneak currents
and stray capacitances mainly due to parasitic couplings 1n
a passive matrix-addressable ferroelectric memories, par-
ticularly as their size are increased to encompass million of
memory cells in the array and the parallel accessing of
several thousands of the said cells. An equally challenging
task 1s to reduce or eliminate noise generated 1n the sensing
and sampling means, 1.e. the sense amplifier used to 1nte-
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grate and amplily detected current or charge tlowing in the
bit line connecting the addressed memory cell and the sense
amplifier. Such noise includes sampling noise, that 1s ther-
mal noise generated by sense amplifier and associated
circuitry, and offset noise, that 1s voltage deviations 1ntro-
duced in the sampling step. To a little extent the noise
generated by the sensing and sampling circuitry has been
recognized in the prior art. Nevertheless such noise may
significantly affect the bit error rate in the readout from
terroelectric or electret memories.

SUMMARY OF THE INVENTION

It 1s thus a major object of the invention to improve
signal-to-noise ratio in readout values from passive matrix-
addressable ferroelectric or electret memories. More spe-
cifically, 1t 1s a major object to reduce the sampling noise and
voltage noise (ollset noise) of the sensing device. Finally
there 1s an object to provide a sensing device which 1s able
to reduce or eliminate any noise specifically occurring in
sensing and sampling operations.

The above-mentioned objects as well as other features and
advantages are realized with a method according to the
present invention and characterized by claim 1, and with a
device according to the present invention and characterized
by claim 4.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention will now be explained in further detail in
conjunction with the appended drawing figures, wherein

FIG. 1 shows a schematic hysteresis curve of relevant
memory materials,

FIG. 2a a principle drawing of word line and bit line
clectrodes arranged 1n a matrix,

FIG. 2b6 a principle drawing of memory cells in the form
of ferroelectric or electret capacitors located at the crossings
of word line and bit line electrodes,

FIG. 3 a principle block diagram of structure and func-
tional elements 1n a typical passive matrix-addressable
memory device,

FIG. 4 a circuit diagram of a sensing device as known
from prior art,

FIG. 5 a graph providing an example of signal behaviour
when sensing devices from prior art are operated according,
to known methods,

FIG. 6 a tlow chart of a preferred embodiment of a method
according to the mvention,

FIG. 7 a circuit diagram of a preferred embodiment of a
sensing device according to the invention,

FIG. 8 a circuit diagram of another preferred embodiment
of a sensing device according to the invention, and

FIG. 9 a graph rendering an example of signal behaviour
with improved signal to noise ratio when a sensing device 1s
operated according to the present invention.

DETAILED DESCRIPTION

Before the present invention i1s explained with reference
to preferred embodiments, a brief review of 1ts general
background shall be given with particular reference to the
hysteresis of ferroelectric and electret materials and the
structure of relevant passive matrix addressable memory
devices.

Referring to FIG. 1, a material with a hysteresis curve
100, typically a ferroelectric or electret material, changes 1ts
polarization direction upon application of an electric field
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that exceeds the coercive field. The hysteresis curve 1s
shown with the voltage rather than the field along the
abscissa axis for reasons of convenience. The coercive
voltage V. 1s calculated by multiplying the coercive field
strength E . with the thickness of the material layer. A
saturation polarization P occurs whenever a cross-point, 1.e.
a memory cell, 1s subject to the nominal switching voltage
V.. Once the electric field 1s removed the polarization will
return to one of two remanent polarization states P, 101 and
-P, 102. One of the remanent polarization states typically
represents a stored logic ‘0” while the other represents a
stored logic “1”, hence a non-volatile memory function 1s
provided.

FIG. 2a shows a matrix of orthogonally intersecting
clectrodes lines. In order to conform to standard terminol-
ogy, 1t 1s hencelorth referred to the horizontal (row) elec-
trode lines as word lines 200, abbreviated WL and to vertical
(column) electrode lines as bit lines 210, abbreviated BL.
Memory material of relevant type provided at the intersec-
tions of word lines and bit lines, typically provided as a thin
film layer of ferroelectric or electret material between two
layers of bit line and word line electrodes. During drive and
sense operations selected word lines 201 and bit lines 211
are activated and set to a predetermined set of potentials
such that the diflerence equals the nominal switching volt-
age V.. A memory cell being addressed by an operation 1s
located at the 1ntersection of an active bit line and an active
word line. A voltage that 1s sufliciently high to switch an
addressed cell 1s required, erther for defimng a given polar-
ization direction 1n that cell (writing), or for monitoring the
preset polarization direction (reading). At the same time, the
numerous word lines 200 and bit lines 210 that cross at cells
220 that are not addressed for the time being must be
controlled 1n potential such that the disturbing voltages at
these cells 220 are kept to a mimimum. The ferroelectric
maternal layer located between the electrodes functions like
a ferroelectric capacitor 221 as shown 1 FIG. 2b. In reading,
a nominal switching voltage of known polarity 1s applied to
an addressed cell. This results in a polarization switch, or
“flip”, of the memory cell 1n question depending on which
logic value, 1.e. polarization state, that previously was
stored/set 1n the cell. A polarization switch results 1n release
of more charges than a non-switch which 1s used {for
detection where charges that flow 1n the bit line intersecting
the addressed cell are sensed and measured.

An arrangement of memory cells as described above 1s
typically refereed to a passive matrnx. “Passive” refers to the
fact that no active elements are linked to the memory cells
in the matrix. A passive structure of the above type leads to
simplicity of manufacture and high density of cross points,
1.e. memory cells. A problem 1n general for memory cells of
terroelectric or electret matenal 1s the relatively small cur-
rent that 1s released from switching a memory cell. This
makes the signals sensitive to noise. For example, charge
released from a memory cell having an area of 0.0625 um?
1s typically of the order 20 {C. The relatively small signal
current 1s particularly a problem for passive matrix arranged
memory cells due to ifluence from non-addressed memory
cells. An addressed memory cell may for example share bit
line and word line with thousands of other memory cells that
causes disturbances and noise. Unaddressed memory cells
receive fractional voltages and so called “disturb voltages™
during operation, which i1n turn cause so called “sneak
currents”, 1.e. undesired and lingering currents that sum up
on a bit line and may mask the current response from the
addressed cell.
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It may be useful to review the overall function and
structure of a typical passive matrix-addressable memory
device 1n a generalized manner.

FIG. 3 shows 1n a simplified block diagram form the
structure and functional elements of a typical passive
matrix-addressable memory device relevant for the present
invention. A memory macro 310 consists of a memory array
300, row (word line) and column (bit line) decoders 302;
301, sensing means 303 and data latches 304. The memory
array 300 contains the matrix of word lines 200 and bit lines
210. The row and column decoders 302:; 301 decode the
addresses of memory cells while sensing 1s performed by the
sensing means 303. The data latches 304 hold the data until
part or all of the data 1s transierred to a memory control logic
320. The memory control logic may control several memory
macros 310. The memory control logic 320 module provides
a digital interface for the memory macro 310 and controls
the reads and writes of the memory array 300.

One of the dominating read methods for use with passive
matrix-addressable memories of the relevant type have so
far mainly been based on a so-called dual read principle.
Dual read on a memory cell 1n a bit line in the matrix can
briefly be described as in the following. Bit lines and word
lines recerve so-called pre-charge voltage levels without cell
switching capability. Sensing of charges starts, then voltage
levels are shifted from a pre-charge state to a read state such
that a read voltage with switching capability 1s applied over
the memory cell to be read. A first read value 1s registered,
typically sampled. After this the voltage levels typically are
returned to the pre-charge state and the sensing means are
reset and then the procedure 1s repeated resulting 1n a second
read value. Since the first read guarantees that the addressed
memory cell already 1s switched 1n the direction given by the
polarity of the predetermined read voltage, the second read
value will never include charges released from a polarization
switch. Subtracting the second value from the first value
forms the readout value, which then 1s used to determine
logic state of the read cell. The intention 1s of course that
undesired contributions in the signal e.g. sneak currents that
are the same during the two reads shall be cancelled out 1n
the subtraction, leaving a readout value representmg only
the charge released from the read cell. However, 1n practice
there will always be some degree of uncertainty connected
to the readout value, e.g. there may be a contribution of
sneak currents in both read values, which not entirely waill
cancel out, or there may be a non-linear presence of linger-
ing sneak currents irom prior operations. Moreover, the
amount of released charges will typically be dependent on
the addressing history of the memory and 1t 1s therefore often
required to use some sort of variable reference threshold
level 1n determination of which logic value that 1s repre-
sented by a readout value.

FI1G. 4 shows principal functional components of a sens-
ing means that can be used for implementing dual read. The
means or the read device i FIG. 4 constitutes an amplifier
stage A1 which 1s an integrator circuit, consisting ol an
amplifier 413, preferably a sense amplifier, with a feedback
capacitor 414 between the inverting input 411 and the output
416. The feedback capacitor 414 has a switch 413 1n parallel
used for switching the amplifier between integrator mode
and voltage follower mode. A bit line BL 1s connected to the
inverting mput 411 of the amplifier and a predetermined
reference voltage REF 1s applied to the non-inverting input
412. A first and second read value from the integrator is
stored 1n first and second sample and hold circuits 421; 422
respectively. The read value stored in the sample and hold
circuit 421 1s fed to a non-inverting mput 423 of a com-
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parator circuit 425, while the read value stored 1n the sample
and hold circuit 422 1s fed to the inverting input 424 of the
comparator. The comparator compares the two read values
and generates a data output signal D_ . representing the
readout value. The D__, value 1s then used to produce a logic
value, which typically 1s made available to the rest of the
memory device, €.g. a memory controller, via a latch.

It shall be noted that the device in FIG. 4 may implement
other methods besides dual read, and that dual read also may
be implemented by other devices than the one 1llustrated in
the figure. However, most known read devices of relevant
type take advantage of an integrator circuit, typically a sense
amplifier in integrator mode. The integrator 1s typically
activated/inactivated using a switch that in closed state
bypasses the feedback capacitor and turn the amplifier into
a voltage follower.

FIG. 5 now illustrates typical signal behaviour on the
integrator/sense amplifier output during the first part of a
typical read of a memory cell in a passive matrix of the
relevant type. The output corresponds to node 416 of the
device 1n FIG. 4. In the case of dual read, the signal
behaviour 1n FIG. 5 only shows the situation until the point
of time when the first read value shall be registered. The
signal level has been normalized so that the output starts on
zero voltage and then will increase with negative numbers
due to the negative feedback. Before time t,, for example at
t,, the voltage levels applied to the electrodes results in
pre-charge voltages over the memory cells and there 1s no
cell voltage with switching capability. In pre-charge, cell
voltages over cells that are not to be read typically are the
same as during the later application of read cell voltages. At
time t,, the charge measurement starts. Using the device
shown in FIG. 4 thus implies that the switch 413 1s opened
and that mtegration starts. Due to the nature and small size
of the signal to detect, the amplifier 415 needs to provide a
relatively high amplification and high bandwidth. A side
cllect from this 1s that noise on the mput of the amplifier 415
will be amplified as well, resulting in a signal-to-noise
degradation shown as a sudden variation of unpredictable
magnitude 1n the signal behaviour at point t, in FIG. 5. What
typically happens 1s that that thermal noise from the switch
413 together with offsets and thermal noise from the ampli-
fier 415 1s sampled by capacitance 1n the bit line and then
amplified (also known as k1/C noise). Due to the unpre-
dictable magmitude, the noise originating from this cannot be
compensated for by the traditional dual read approach.
However, in prior situations employing dual read, the main
1ssue has been noise originating from sneak currents and 1n
these situations the described contribution of offset and
thermal noise has been considered minor and negligible. The
slope of the signal between t; and t, (and later after t,)
represents possible leakage due to practical limitations. At
time t5, read level signals are applied, 1.e. the cell to be read
receives a voltage with switching capability. This may be
achieved by “activating” a word line, meaning that a word
line potential 1s raised so that all cells 1n a specific word line
simultaneously receive switching voltages, 1.e. all cells 1n
this particular word-line are addressed and read in parallel in
accordance with “tull-row read”. When a cell 1n the bit line
coupled to the charge measurement device receives a pulse
with switching capability, two scenarios are possible. Either
the pulse with switching capability will switch the cell to the
opposite direction to where 1t resides and the result 1s a
relatively large charge release, represented by the lower part
of the curve after time t; 1 FIG. 5, or alternatively 1s the
result a non-switched cell with only a minor release of
charge represented by the upper part of the curve after time
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t, i FIG. 5. To determine which of the cases that has
occurred, the signal 1s typically sampled after point t,, for
example at t,. In dual read this would represent the first read
value, which 1n FIG. 4 would be stored 1n one of the sample
and hold circuits 421 or 422. It should be noted that the
sampled value at point t, will contain the noise contributed
at t,.

The inventors have found that in some cases, the delim-
iting factor 1n a readout value 1s the unpredictable sampling
and sense amplifier oflset noise mentioned 1n the mntroduc-
tion of the application and resulting signal variation occur-
ring at t, 1n FIG. §, as described above. Sampling noise 1s
generated when the sense amplifier goes from the pre-charge
to the integration mode at t; 1n FIG. 5. This sampling noise
1s thermal noise generated by the sense amplifier itself and
the reset switch and 1s sampled by the bit line capacitance to
yield the noise output shown at t, in FIG. 5. Here the sense
amplifier transters to the integration mode, and at t, the
switching field 1s applied to the memory cell. A charge
flowing 1n the bit line joining the memory cell and the sense
amplifier 1s detected and integrated by the sense amplifier.
The integrated output signal 1s then latched to for instance a
data line at t, 1n FIG. 5. Also when no switching voltage 1s
applied to the memory cell, so-called oflset noise 1s gener-
ated 1n sense amplifier and shows up as a varying noise
voltage at the output. The sampling noise, which also 1s
termed the K'T/C noise, and oflset both degrade the signal-
to-noise ratio of the sensing and integrating circuitry, and
this 1n 1ts turn may increase the bit error rate (BER) of the
memory device. The unpredictable noise thus limits the
signal-to-noise ratio, thereby complicating determination of
which logic value that 1s represented by a readout value. In
these cases the inventors have found that the signal-to-noise
ratio may be improved by utilizing a “dual sample” method
instead of the known dual read approach. In dual sample a
first sample 1s taken after the charge measurements starts,
¢.g. after start of integration, but before application of a read
pulse with switching capability. A second sample 1s taken
alter application of a read voltage with switching capability.
Referring back to FIG. 5 this means that the first sample 1s
taken at t,, between point t; and t,, and a second sample 1s
taken at t, (at the point of the first sample in dual read). In
dual sample, the contribution of the unpredictable oflset 1s
sampled at t,, which later 1s deducted from the sample taken
at 5, thus leading to a readout value with reduced noise. The
dual sample method preferably 1s used when sneak current
contributions are not dominating, however, the method can
be combined with dual read 1n a “dual read, dual sample”™
approach where dual sample 1s applied to each of the reads
in dual read, 1.e. dual sample reduces ofiset and thermal
noise, while dual read mainly reduces noise contributions
from sneak currents.

FIG. 6 shows a preferred embodiment of a dual sample
method for use 1n a sensing device according to the inven-
tion. In a first step 601, pre-charge read level voltages are
applied to the passive matrix of memory cells and no cell
receives a voltage with switching capability. After this,
charge measurement 1s started 1n 602, followed by a step 603
where registration of a first value from the charge measure-
ment 1s performed, 1.¢. a first sample 1s taken. In a following,
step 604, the voltage levels are shifted such that a read
voltage with switching capability 1s applied over the cell to
be read. Next, 1n step 605, a second value 1s registered from
the charge measurement, 1.e. a second sample 1s taken. A
readout value 1s then formed 1n step 606 by deducting the
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first registered value from the second registered value. The
result 1s of course a readout value with improved signal to
noise ratio.

It should be noted that the sensing device that i1s the
amplifier stage Al, shown 1n FIG. 4 also may be used for
implementing the dual sample method. However, directly
sampling the output from a single stage, high bandwidth and
high gain amplifier, as for example amplifier 415 1n FI1G. 4,
may give rise to high levels of noise i the readout signal
despite the dual sample approach. The present invention
teaches a much better way of implementing the dual sample
method by introducing a secondary amplifier stage (A2)
alter the first amplifier stage (Al). The amplifier in the
secondary stage 1s matched with the amplifier 1n the first
stage, but has lower bandwidth and lower gain. Typically, 11
the first stage has a gain 1n the regime of 1000, the secondary
stage typically will have a gain 1n the regime of 10.

FIG. 7 shows in the form of a circuit diagram a preferred
embodiment of a read device for implementing dual sample.
The first amplifier stage Al consists of an amplifier 715,
preferably a sense amplifier, with a feedback capacitor 714
between the mverting input 711 and the output 716. The
teedback capacitor 714 has a switch 713 1n parallel used for
switching the amplifier between integrator mode and voltage
follower mode. A bit line BL 1s connected to the mverting
input 714 of the amplifier, and a predetermined reference
voltage REF 1s applied to the non-inverting input 713. The
output 716 of the first stage couples to the second amplifier
stage A2. The mput of the second amplifier 1s connected to
a sampling capacitor 721 which 1s positioned in series with
the non-inverting iput 722 of the amplifier 725. The ampli-
fier 725 has smaller gain and bandwidth in relation to the
first stage amplifier 715, in addition the two amplifier stages
Al and A2 are preferably matched 1n design according to
what 1s known 1n the art in order to keep noise at low levels.
The inverting input 723 of the second stage amplifier 725 1s
connected to the output 726 of the amplifier 725. The
non-inverted mput 722 of the second stage amplifier 1s
connected to the output 726 via a switch 724. When the
switch 724 1s closed 1n connects the non-inverting mput 722
with the output 725 and a data output signal D_, , represent-
ing the readout value 1s formed.

The unpredictable noise oflset as previously accounted for
1s sampled by the sampling capacitor 721 by keeping the
second stage switch 724 closed until after switch 713 of the
first amplifier stage 1s opened to start integration. After this
the unpredictable offset can be cancelled out by closing the
second stage switch 724, which nulls the unpredictable noise
oflset on output 726 of the second stage amplifier, 1.e. on the
output of the second stage A2. When voltage levels later are
shifted such that a read voltage with switching capability 1s
applied over the cell to be read, the output value D__, that 1s
formed will be mitigated from noise according to the dual
sample method.

The present invention 1s of particular interest to apply
when so called pseudo diflerential amplifiers known from
prior art are used. In a pseudo differential approach, an
average value from reference cells representing logic O and
logic 1 1s formed and constitutes an adapted reference
threshold level that 1s directly compared to a readout signal.
The comparison results 1n a positive or negative value which
1s amplified and presented typically using amplifiers with
differential outputs.

FIG. 8 shows another circuit diagram of a preferred
embodiment of a read device according to the invention,
here specifically adopted for use with pseudo differential
operational amplifiers as known from prior art. The first
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amplifier stage Al consists of an amplifier 815 with difler-
ential mputs and outputs. A feedback capacitor 814 1is
connected between an inverting mput 811 and a non-invert-
ing output 817. The feedback capacitor 814 has a switch 813
in parallel used for switching the amplifier 815 between
integrator mode and voltage follower mode. Due to the
differential approach, there 1s also a similar switch 816
connected between a non-inverting input 812 and a inverting
output 818. The switch 816 1s typically controlled and
operated in parallel with the switch 813. A bit line BL 1s
connected to the mverting input 811 of the amplifier and a
charge reference signal CHREF i1s applied to the non-
inverting mput 812. The charge reference signal preferably
constitutes an average value of a signal representing a logic
0 and logic 1. In accordance with prior disclosures of pseudo
differential amplifiers for use 1n memories of the present
type, the CHREF signal 1s typically originating from refer-
ence bit lines and generated by reference amplifiers con-
nected to these reference bit lines. The non-inverting output
817 and the inverting output 818 the first amplifier stage Al
connects to sampling capacitors 821 and 822, respectively.
The sampling capacitor 821 further connects to the inverting
input 823 of a differential amplifier 826 and the capacitor
822 connects to the non-inverting mput 824 of the difler-
ential amplifier 826. The second stage amplifier 826 has a
switch 823 connected between the inverting input 823 and
the non-inverting output 828 and another switch 827 con-
nected between the non-inverting input 824 and the invert-
ing output 829. The two second stage switches 825;827 are
typically controlled and operated simultaneously 1n parallel.
In open state they separate outputs from mputs but 1n closed
state they connect outputs to iputs and produce feedback
coupling. Data output signals +D_ _and -D_ _1s formed on
the positive output 828 and negative output 829 respectively.
The difference between these values represents the readout
value.

The reason for the first stage switches 814;816 and the
second stage switches 825;827 1s of course the same as for
their counterparts 713 and 714 1n FIG. 7 and so 1s their
typical use, 1.e. the unpredictable noise offset 1s sampled by
the sampling capacitor 821 and 822 by keeping the second
stage switches 825;827 closed until after the first amplifier
stage switches 813;816 are opened to start integration. After
this the unpredictable offset can be cancelled out by closing
the second stage switches which nulls the unpredictable
noise oilset on the outputs 828;829 of the second stage
amplifier, 1.e. on the output of the second stage A2. When
voltage levels later are shifted such that a read voltage with
switching capability 1s applied over the cell to be read, the
output values +D_ . and -D___ will be mitigated from noise
according to the dual sample principle.

A pseudo-differential approach and use of charge refer-
ence will facilitate discrimination of logic 0 and logic 1 1n
the readout value. One of the logic states will be represented
by a negative difference between +D_ . and -D_ . and the
other logic state will be represented by a positive diflerence.
This will for example enable simple design of latches that
follows the read device to provide a stable logic readout
value.

Of similar reason as 1n the first stage there will be some
unpredictable noise contributions also from the secondary
stage A2, but due to the lower gain and bandwidth of the
second stage amplifier and by proper match/design between
the two amplifier stages, this noise can be kept at signifi-
cantly lower levels than the noise from the first stage Al.

FIG. 9 now show example of signal behaviour in a
situation where dual sample 1s applied, which should be
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compared to the prior situation by referring back to FIG. 5.
The signal 1n FIG. 9 corresponds to the output of the second
amplifier stage, e.g. D__.1n FIG. 7 or the difference between
+D_ . and -D_ _ 1 FIG. 8. The signal level has been
normalized so that the output starts on zero voltage and then
will increase with negative numbers. Before time t,, for
example at t,, the voltage levels applied to the electrodes
results 1 pre-charge voltages over the memory cells and
there 1s no cell voltage with switching capability applied. In
pre-charge, cell voltages over cells that are not to be read
typically are the same as during the later application of read
cell voltages. At time t, the sensing starts. Using the device
shown 1n FIG. 7 this implies that the switch 713 1s opened
and integration starts while the second stage switch 724
continues to be open. This prevents thermal noise from the
switch 713 together with offsets and thermal noise from the
amplifier 715 to be visible 1n the signal and instead the
unpredictable noise oflset 1s sampled by sampling capacitor
721. When the capacitor 721 has sampled a desired amount
ol noise, the second stage switch 724 1s closed at time t,.
Another unpredictable offset follows from this, as illustrated
by a small signal drop at t,, but the magnitude 1s much
smaller compared to the previous situation 1n FIG. 45 at t,.
At time t, the cell to be read receives a voltage with
switching capability and the response 1s similar to the
situation 1 FIG. 45, 1.c. two signal paths are possible
depending on if there 1s a polarization switch or not in the
cell being read. However, there 1s now less noise in the
signal output and hence a readout value at time t, waill
represent a more reliable measurement of the logic state.

Embodiments and examples have been presented herein-
above 1n order to provide concreteness to the invention and
make 1t applicable to persons skilled in the art. It 1s not
intended that specific references shall be considered as
limitations of the scope of the invention, except {from what
1s set forth 1n the accompanying claims.

The invention claimed 1s:

1. A method of reading a memory cell 1n a passive-matrix
addressable ferroelectric or electret memory array with
memory cells 1n the form of electret or ferroelectric capaci-
tors, wherein the memory cells are being located at the
crossings of a first and second set of respective parallel
clectrodes, the first set forming word lines and the second set
forming bit lines, wherein the word lines and the bit lines are
connected to driving means, wherein the bit lines have
connection to sensing means for measuring charge flowing
in the bit lines, wherein the sensing means in a read
operation senses a current response signal corresponding to
the data, typically a binary one or a binary zero, wherein the
method comprises:

a) starting a charge measurement by activating the sensing,
means connected to the bit line of the memory cell,

b) registering a first value from the charge measurement,
and

c) applying a voltage with switching capability over the
memory cell by driving the electrodes using a pre-
defined set of read voltage levels, and

d) registering a second value from the charge measure-
ment, deducting the first registered value from the
second registered value to form a readout value.

2. The method according to claim 1, comprising an
additional step of pre-charging the word lines, the bit lines
and the sensing means while driving the electrodes using
another predefined set of read voltage levels without switch-
ing capability.
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3. A method according to claim 1, comprising a further
step ol comparing the readout value with a reference value
for determiming the logic state represented by the readout
value.

4. A sensing device for reading data stored in a passive
matrix memory comprising memory cells i the form of
clectret or ferroelectric capacitors, wherein the memory cells
are being located at the crossings of a first and second set of
respective parallel electrodes, the first set forming word lines
and the second set forming bit lines, wherein the word lines
and the bit lines are connected to driving means, wherein the
bit lines have connection to sensing means for measuring
charge flowing in the bit lines, wherein the sensing device
senses a current response corresponding to the data, typi-
cally a binary one or a binary zero, wherein the sensing
device comprises a first amplifier stage with an integrator
circuit consisting of a first amplifier of a first gain and a first
bandwidth, characterized in that the sensing device com-
prises:

5

10

15

a second amplifier stage following the first amplifier 20

stage, wherein the second amplifier stage comprises a
second amplifier of a second gain and a second band-
width, and a sampling capacitor connected between an
output of the first amplifier stage and an input of the
second amplifier.

12

5. The sensing device according to claim 4, wherein the
second gain 1s significantly lower than the first gain.

6. The sensing device according to claim 4, wherein the
second bandwidth 1s less than the first bandwidth.

7. The sensing device according to claim 4, wherein the
first amplifier stage and the second amplifier stage are
matched 1n design.

8. The sensing device according to claim 4, including a
switch connected between an output of the second amplifier
and the mput of the second amplifier that 1s connected to a
sampling capacitor.

9. The sensing device according to claim 4, wherein the
first amplifier stage comprises an integrator circuit.

10. The sensing device according to claim 4, wherein a bit
line of the passive matrix 1s connected to an inverting input
of the first amplifier and that a reference node with a signal
representing an average logic O or logic 1 response 1s
connected to a non-inverting mput of the first amplifier.

11. The sensing device according to claim 4, wherein the
first and the second amplifier have differential mputs and
outputs.

12. The sensing device according to claim 4, wherein
pseudo-differential amplifiers are used.
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